The term acute cerebellar ataxia is used to designate a syndrome of uncertain etiology, occuring usually in young children and characterized by a relatively sudden onset of cerebellar signs (ataxia, intention tremor, and often nystagmus) which reach maximum intensity within a few days and then subside.'`In many of the reported cases an absence of prodromal symptoms, fever, nuchal rigidity, or pleocytosis in the spinal fluid has been noted. Although a similar clinical picture may be encountered following exanthemata, especially varicella, or overdosage of certain drugs such as diphenylhydantoin, and as a feature of disease accompanied by more extensive neurologic signs, the designation is usually applied only when these conditions are not in evidence.
Despite considerable speculation that a virus might produce this syndrome only rarely has there been laboratory evidence of a specific viral infection in association with signs which are exclusively or even predominantly cerebellar." [8] [9] [10] Poliomyelitis virus has been mentioned as a possible etiologic agent,8' but confirmatory evidence has been meager and isolation of poliovirus has been reported infrequently from patients in whom cerebellar signs predominated."8'1 Among these two' appeared to fit the strictest requirements for a diagnosis of acute cerebellar ataxia, namely a sudden onset of symmetrical cerebellar signs without prodromata, fever, nuchal rigidity, or abnormalities of cerebrospinal fluid.
In this paper four additional cases of acute cerebellar ataxia associated with poliovirus infection are presented. Of these, the first two appear to satisfy strict criteria for diagnosis of the disorder. The other two conform to a less rigid but frequently acceptable definition. However, they also had other manifestations which aroused suspicion of poliomyelitis on clinical grounds alone. The significance of acute cerebellar ataxia as an entity and the association of poliovirus infection with this syndrome will be discussed. CASE 
REPORTS
Case I. B.L., a 6-year-old white boy, was admitted to the Grace-New Haven Hospital on 31 August 1949 because of "severe dizziness" of approximately 14 hours duration. Previously well, he had awakened with this complaint during the night. He had gradually developed generalized shaking of the whole body and found that he was unable to walk.
Examination revealed an alert, well-oriented, apprehensive boy who clutched his bed tightly and was unable to sit without support. His temperature was 37.80 C. A coarse, irregular tremor of the head, trunk, and all limbs was stimulated when voluntary motion was attempted, and all movements were markedly ataxic. Gross and rapid jerking movements of the eyes were conspicuously present. These movements were variable, conjugate and mainly, but not exclusively, in the horizontal plane; they were increased by movement of the head or trunk and were completely irregular in frequency and amplitude with no fast or slow component. The optic fundi appeared normal. Moderate dysdiadochokinesis was noted. Finger-to-nose testing revealed considerable increase in the tremor on intention. The superficial reflexes were present, the deep tendon reflexes were slightly hyperactive and symmetrical, and the plantar responses were flexor. No evidence of nuchal rigidity or muscular weakness was detected.
The results of urinalyses and routine hematologic studies were not remarkable. The erythrocyte sedimentation rate on the fourth hospital day was 9 mm./hr. Examination of cerebrospinal fluid on three occasions revealed 0-3 lymphocytes/cmm. and protein levels of 10-15 mg.%. The sugar content was normal and cultures showed no growth. X-ray films of the skull and an electroencephalogram disclosed no abnormalities. The patient's course was one of steady improvement. Initially he vomited occasionally. His temperature was never significantly elevated. He experienced no headache, stiffness of the neck, dysphagia, dysarthria, earache or tinnitus. Subjective dizziness was gone by the third day although when discharged from the hospital on the eighth day he still had gross ataxia of the trunk and walked with an unsteady, broad-based gait. On the fourteenth day he exhibited only slight unsteadiness on toeing a line. When he was seen again on the twenty-eighth day, all abnormal signs had disappeared.
Case 2. L.R., a 20-month-old Negro girl, was admitted to the North Carolina Memorial Hospital on 11 April 1960, because of inability to walk. Seven days earlier, marked generalized shaking had first been noted when she tried to get out of bed. This condition had persisted, except when she lay completely still, and had possibly increased for she could no longer walk. Jerking movements of her eyes were also present. She had coughed and had some rhinorrhea intermittently for several weeks earlier but otherwise had been well and had not had fever. She had received no injections for immunization against poliomyelitis.
Examination revealed an unhappy, apprehensive child with a severe, coarse, ataxic tremor on movement of her trunk, head, or limbs. Her temperature was 37.80 C. by rectum. She was unable to sit without support. Any attempted motion of an arm greatly increased the tremor. Constantly varying, conjugate, coarse, jerky eye movements with no fast or slow component were present on gaze in any direction and increased by superimposed volitional movements of the eyes. Abdominal reflexes were present, the deep tendon reflexes were symmetrical and physiological, and the plantar responses were flexor. Nuchal rigidity and muscular weakness were not demonstrated.
Hematologic studies revealed a moderate microcytic, hypochromic anemia (hemoglobin 8.0 gm. %) but otherwise normal findings. A sickle cell preparation was negative. Urinalysis was normal. No ova or parasites were detected in the stools. A culture of the nasopharynx yielded hemophilus influenzae. Examination of cerebrospinal fluid revealed 3 lymphocytes/cmm., 22 mg.% of protein and 40-50 mg.% of sugar; cultures showed no growth. X-rays of the skull were not remarkable and an electroencephalogram was normal. An intracutaneous tuberculin test with P.P.D. was negative.
The patient remained afebrile and was discharged after four days, on sulfadiazine and ferrous sulfate, with no definite improvement in her neurologic signs. Three weeks later the abnormal ocular movements had disappeared and the ataxia had improved, so that she could crawl and take a few steps when supported. She finally was able to walk without assistance seven months later. When seen fifteen months after the illness her gait was still slightly ataxic, and a moderate, coarse intention tremor of the arms had persisted although she could now manage a glass without spilling.
Case 3. R. T., a 6-year-old Negro girl, was admitted to the North Carolina Memorial Hospital on 24 October 1959, because of a staggering gait. Three days earlier she had complained of headache; on the next day she also experienced abdominal discomfort and possibly had slight fever. At this time a staggering gait was first noted, which had persisted, without apparent weakness. She had not received any injections of poliovirus vaccine.
On admission her temperature was 38.30 C. by rectum. She was irritable, and walked with a rather rapid, broad-based, unsteady gait, tending to fall to the right. A mild tremor of her outstretched hands was noted. No nuchal rigidity, no nystagmus, no increase of the tremor on intention, and no apparent weakness were detected. Abdominal reflexes were present. The deep tendon reflexes were somewhat brisk but symmetrical and the plantar responses were flexor.
Initially the total leukocyte count was 14,300 with 69% polymorphonuclear leucocytes; this returned to normal two days later. The hemoglobin was 13 grams; urinalyses were normal and a sickle cell preparation was negative. Cultures of the nose and throat yielded no pathogens. X-rays of the skull were not remarkable. A lumbar puncture, probably traumatic, yielded cerebrospinal fluid with 1180 fresh red cells/cmm. and 75 white cells/cmm., 86% of them mononuclear. The protein content was 22 mg.%. An intradermal tuberculin test with P.P.D. was negative.
On the morning following admission the patient's neurological abnormalities had disappeared. She was able to walk and run with ease; the tremor was gone. Her rectal temperature rose to 38.10 C. that afternoon but was normal thereafter. She was discharged on the fourth hospital day. On return, one month later, she appeared entirely well with a normal gait and symmetrical, normally active deep tendon reflexes. A physiotherapist, however, detected slight weakness about the right hip and knee. The patient failed to keep further appointments, but her parents claimed that a year after her illness there was no weakness to be noted and that she seemed completely well.
Case 4. M.S., a 22-year-old white female college student, was admitted to the North Carolina Memorial Hospital on 25 September 1956, because of fever, headache, dizziness, and nystagmus. Four days earlier she had developed fever, malaise, anorexia, and dizziness. After two days, these complaints and the onset of severe headache brought her to the university infirmary where nystagmus was noted and a lumbar puncture was performed. The cerebrospinal fluid contained 5 lymphocytes and 8 polymorphonuclear leukocytes/cmm. A Pandy test for protein was positive. Four years earlier she had experienced a febrile illness associated with temporary left hamstring weakness, diagnosed as poliomyelitis. She had never received poliomyelitis vaccine.
Examination revealed a mildly apprehensive young woman with a rectal temperature of 38.10 C. Nuchal rigidity had not been observed prior to the initial lumbar puncture, but was present on admission to the hospital. The nystagmus was horizontal and slightly rotary on looking to the right, horizontal on looking to the left, and horizontal to the right on looking upward. A fine titubation of the head was present and an intention tremor of fast frequency and low amplitude, noted in the upper extremities was more pronounced on the left. No muscular weakness was detected and deep tendon reflexes were normally active and symmetrical.
The results of routine examinations of blood and urine were not remarkable. A second lumbar puncture was performed on the fourth hospital day; the cerebrospinal fluid contained 36 leukocytes/cmm., 80% of them lymphocytes. A quantitative determination of protein was not done. The Pandy reaction was negative. Serologic studies carried out later revealed no heterophile antibody; the results of complement fixation tests for eastern and western equine encephalomyelitis, St. Louis encephalitis, lymphocytic choriomeningitis, and mumps viruses were all reported as negative.
During the first three hospital days the titubation of the head and the intention tremor increased considerably, the latter spreading to involve all four extremities but continuing to be most marked in the left arm. The nystagmus persisted. During the early period of acute illness the patient's gait was not tested. On the fourth day minimal right facial weakness, slight inequality of palatal movements, and mild deviation of the tongue to the left were noted; all but the last disappeared within a few hours. She was afebrile on the fifth hospital day and all symptoms and signs gradually improved during the twelve-day period of hospitalization. A detailed muscle evaluation prior to discharge revealed no weakness other than the slight deviation of the tongue.
On re-evaluation a month later the patient gave an interim history of easy fatigability, excessive irritability but a decrease of the difficulty with her handwriting experienced earlier. On several occasions while reclining she had felt a sudden generalized contraction of her body. On examination she showed slight residual nystagmus on looking to the left, minimal weakness of the left side of her tongue, minimal titubation of the head, and continued slight intention tremor, more pronounced in the left arm. Subsequently all signs and symptoms gradually subsided. Fourteen months after the onset of her illness she reported that for the preceding 6 months she had been entirely well. Table 1 . Further reference to these signs and other features of disease in these cases will be made in the discussion to follow.
The acute illness experienced by these four patients appeared to be sporadic in incidence. Similar disorders had not been encountered in the home or in the community. No recent acute illnesses had been observed in other members of the family, and no exposure to a recognized case of poliomyelitis was elicited in the history.
On the other hand, all of the patients became ill within the period of seasonal prevalance of poliomyelitis for the region in which they were living. As shown in Table 2 the onset in three cases of the present series was in August, September, and October. One child from North Carolina became ill in April; this was not an unusual time for poliomyelitis to occur in that area. In Table 2 the similar seasonal distribution of other reported cases of acute cerebellar ataxia associated with poliovirus infection is also evident. In late August 1949 when patient B.L. (Case 1) became ill, poliomyelitis was epidemic and at the peak of incidence in Connecticut. During that year the total number of cases reported in the state was 654. Of these, 318 were classified as paralytic and, in 30 instances, death was attributed directly to the disease.* Multiple cases within a family were clinically recognized in 45 such units. It is evident, therefore, that at the time of B.L.'s illness infection with poliovirus was unusually prevalent.
As indicated in Table 3 The attempts to recover poliovirus which were carried out with specimens from these patients and the results obtained are summarized in Table  4 . Evidence of viral infection was detected only with fecal specimens. The agent from Case 1 which induced disease in a monkey was presumed to be a poliovirus although serologic confirmation and identification were lacking. The strains recovered from the other three patients were individually confirmed as polioviruses and identified serologically as type 1.
Neutralization tests for evidence of infection by polioviruses were carried out with sera from Case 2, 3, and 4. The results are shown in Table 4 . All three patients showed serologic evidence of infection by poliovirus type 1, the agent detected in their stools during the acute stage of illness. One showed a significant rise in titer of homologous antibody above the level observed in the earliest serum available. The levels of antibody to poliovirus types 2 and 3 were not uniform in these patients.
The titers of antibody to type 3 poliovirus in sera from Case 4 were unexpectedly high and determinations were, therefore, repeated at a later date with confirmatory results as shown in parenthesis. These high levels of antibody may have resulted from the illness, diagnosed as poliomyelitis, * Kindly provided by Dr. Herbert Wenner and the National Foundation. It is evident that acute cerebellar ataxia exists as a well defined clinical entity by virtue of arbitrary criteria to which an individual case may, or may almost conform. Strict classification invites the exceptions of biologic variation, as exemplified in the present series of cases. Diagnosis determined exclusively by such classification is of limited value, however, and may be misleading as a basis for prognosis. Nevertheless, it serves a useful purpose as a stimulus to seek more precise identification of etiology and a clearer understanding of the altered physiologic mechanisms involved.
As mentioned previously, cerebellar ataxia may reflect a number of different clinical conditions and occurs acutely either independently or in association with other manifestations of disease. The appearance of acute ataxia in the course of varicella is sufficiently frequent to be well recognized and cases associated with varicella can be readily related to outbreaks of this disease. Whether acute cerebellar ataxia can also be attributed to infection by one or several other different viruses is a question which has been raised frequently but not fully answered. Clinical observers have postulated that poliovirus may be responsible in some cases.851""'8 Lasater sought to support this view with evidence of high levels of neutralizing antibody to type 3 poliovirus in two of his cases;'3 rising titers were not demonstrated, however, nor were strains of virus isolated. Prominent cerebellar signs and symptoms have been observed in the course of infectious mononucleosis'9 and with ECHO virus, type 9 infection.9"0 Acute cerebellar ataxia has also been noted in a patient presumed to have had infection with influenza A virus on the basis of an associated rise in titer of antibody to this agent.'
The contention that poliovirus may play an etiologic role in some cases of acute cerebellar ataxia is favored by clinical evidence of ataxia in acute poliomyelitis, by pathologic evidence of cerebellar involvement in fatal human cases of poliomyelitis as well as in experimental animals and, more recently, by the demonstration of direct association of poliovirus infection with the syndrome as exemplified in this study.
Since 1898 when Medin reported that five of his cases of poliomyelitis had exhibited acute, transitory ataxia,' clinicians have recognized that cerebellar signs can and do occur in patients with this disease.2"2' In a comprehensive study of poliomyelitis Fanconi et al.' reported the occurrence of ataxia in 12 of 37 cases of polioencephalitis but mentioned none with ataxia alone. It is not clear whether this omission was because cases of acute cerebellar ataxia were not observed or because they were categorically excluded from consideration. Ford has stated recently that "acute cerebellar ataxia without any typical manifestations of poliomyelitis is probably never a result of Heine-Medin Disease."' Debre and Thieffry have expressed a similar opinion.' These views, however, appear to be inconsistent with the concept, clearly postulated by Wickman2' and since then extensively confirmed, that poliovirus infection may be reflected by a wide and varied spectrum of clinical manifestations. If ataxia can occur during infection with poliovirus in cases with paralysis why not in cases similarly infected but without paralysis?
From microscopic examinations of the central nervous system in fatal human cases of poliomyelitis and in experimentally infected animals, it is evident that the cerebellum is frequently affected and often severely damaged.2" 2' 2' In a survey of 24 fatal cases of human poliomyelitis Bodian assessed the intensity of pathologic damage in motor centers.' He found that damage in the cerebellar roof nuclei occured in all cases and was exceeded in severity only by that in the vestibular nuclei and the reticular formation. He noted wide variation in intensity of lesions in motor centers in both human and experimental poliomyelitis. Similarly located lesions of moderate intensity were also observed in symptomless or nonparalytic experimental infections. Comparable observations of nonparalytic poliomyelitis in man are relatively few but the findings are similar. Therefore, on the basis of histopathologic evidence it is not surprising that cerebellar signs occur in patients infected with poliovirus-indeed from the frequency and distribution of lesions it is difficult to understand why in clinical experience these signs are not more common.
Direct laboratory evidence of poliovirus infection in cases of acute cerebellar ataxia has been presented in some detail by investigators in Stockholm and Paris and briefly in a recent abstract from Puerto Rico.
Berglund et al. in Stockholm described two children, aged 3½2 and 5 years, with marked cerebellar symptoms, from whose stools type 1 poliovirus was isolated.' They had little or no prodromal signs, no fever, no nuchal rigidity, and lumbar punctures revealed normal cerebrospinal fluids containing 2 and 7 leukocytes,/cmm. respectively. Both patients recovered completely. Rydenstam, one of the original co-authors, again reported these two children in an article concerning atypical manifestations of polioencephalitis.' These cases, like the first two in the present series, conform to a strict definition of the syndrome.
In 1960 Arthius et al. in Paris reviewed their experience with six cases of acute cerebella ataxia, associated with the isolation of poliovirus type 1 from the stools of five and of type 3 from the sixth.8 Some of these patients had been mentioned in earlier articles.' Four were in the 2Y/2 to 4 year range; two were 9 and 13 years old respectively. In these cases prodromal signs were present, all but one was significantly febrile, four of the six showed other neurological deficits (dysphagia, unilateral facial weakness, or difficulty with urination), and all but one had a pleocytosis of 52 to 143 leukocytes/cmm. in the cerebrospinal fluid. The exceptional one had 9 cells/cmm.
The authors concluded that acute cerebellar ataxia associated with poliovirus infection can be differentiated from a purer form of this syndrome of unknown etiology by the presence of prodromal symptoms typical of poliomyelitis, fever, nuchal rigidity, and pleocytosis of the spinal fluid.9 This conclusion, however, is not supported by the observations of Bergland et al.' nor by our experience with cases 1 and 2.
Mendez-Casion et al. reported experience with acute cerebellar ataxia in eleven children under five years of age seen during a period of 3X2 months when poliomyelitis (type 1) was epidemic in Puerto Rico.' Two of the children showed cerebellar signs only; eight also had facial paralysis and in one transient ptosis of the left eyelid was observed. Laboratory evidence to be reported in detail later was said to support an association with infection by poliovirus type 1.
In the present series, cases 1, 2, and 4, particularly 1 and 2 were remarkable for their unusual ocular movements. In cases 1 and 2 these movements were coarse, jerky and unpredictable in pattern. They were conjugate but completely irregular in frequency and amplitude, as well as in direction, although the horizontal plane predominated. They were increased by movement of the head or trunk or by superimposed volitional movements of the eyes alone. Apparently Berglund's two patients' and cases 3 and 4 of Arthius et al.8 showed a similar picture. This phenomenon, which is unlike classical nystagmus, appears to have been described first in Warsaw by Orzechowski, who coined for these myoclonic-like movements the term "opsoclonus."' He stated that they give an "impression of great agitation of the eyeballs; chaotic, variable, and almost impossible to analyse." Marmion and Sandilands apparently observed something similar in a 2 11/12 year old boy during the 1947 poliomyelitis epidemic in England, although Cogan would prefer to define what they described as "ocular dysmetria" or "ocular flutter" since it became worse just prior to fixation.8' Strickland also noted abnormal ocular movements that were enhanced by an attempt at fixation in three children who were seen during the same epidemic.'M Since the abnormal movements in his cases were limited to the horizontal plane they fit far better Cogan's definition of "ocular dysmetria." The ocular movements in case 4 of the present series would appear not to be typical of any of these conditions, but are best described as a form of nystagmus (horizontal and slightly rotary on looking to the right, horizontal on looking to the left, and horizontal to the right on looking upward). In this regard, Murray and Walsh have stated that they have found nystagmus, usually horizontal but occasionally vertical or rotatory, to be the commonest ocular complication of poliomyelitis.'
The six cases reported to date of poliovirus infection associated with cerebellar signs and so-called "opsoclonus" each had as the other dominant feature marked intention tremor involving the entire body (cases 1 and 2 of the present series, Berglund's two cases,' and Arthius' cases 3 and 48). Arthius et al. have described these eye movements as "a true ocular tremor" ("un veritable tremblement oculaire"), "so spectacular that it immediately permits one to recognize the illness." 8 Although the syndrome of acute cerebellar ataxia has often been regarded as completely reversible, Weiss and Carter have clearly shown that frequently this is not true.' They found the outlook for complete recovery to be far less promising when the cerebellar signs were severe, especially when associated with tremor of the head and trunk and with abnormal eye movements. Both of these features were prominent in cases 1 and 2 of this report. It is not surprising, therefore, that ataxia and intention tremor were still demonstrable in case 2, 15 months after the onset of her illness.
Since the combination of abnormal ocular movements and tremor of the head and trunk has been conspicuous among the reported cases of acute cerebellar ataxia associated with poliovirus infection, the prognosis for complete recovery in these cases may not be assured. On the other hand all such patients reported to date with the exception of case 2 in this series have apparently recovered completely.
SUMMARY
Poliovirus was recovered from the stools of four patients with acute cerebellar ataxia. In three the virus was identified as type 1 and neutralizing antibodies to this agent were demonstrated.
Three of the patients were children 6 years of age or younger; one was a woman of 22 years. Two of the children had acute ataxia unassociated with prodromal symptoms, muscular weakness, nuchal rigidity, abnormalities of cerebrospinal fluid or significant fever. Three of the patients exhibited unusual ocular movements, in two characteristic of "opsoclonus." One of the children failed to recover completely.
The significance of acute cerebellar ataxia as a clinical entity and its association with poliovirus infection has been discussed. Evidence, based on clinical, epidemiologic, pathologic, and virologic observations, indicates that the association of poliovirus infection with the clinical manifestations in the reported cases was probably not fortuitous, and that polioviruses should be included among the viruses considered capable of causing this syndrome.
